Bovine and dogfish (Squalus acanthias) heart submitochondrial particles and cytochrome c oxidase (EC 1.9.3.1) were prepared. Biphasic Eadie-Hofstee plots from steady-state polarographic assays were obtained for both species. Phospholipid analyses indicated that cardiolipin was absent from this active dogfish enzyme.
It is well established that, at low ionic strength, polarographic steady-state kinetic assays of cytochrome c oxidase (EC 1.9.3.1) yield biphasic Eadie-Hofstee plots (Ferguson-Miller et al., 1976) . This behaviour has been interpreted in terms of the presence of both high-and low-affinity sites for the substrate, cytochrome c. It is also known that bovine oxidase contains 2-3 molecules of tightly bound cardiolipin/haem aa3 (Robinson & Capaldi, 1977; Robinson et al., 1980) and that these cannot be replaced by detergent without loss of activity (Vik et al., 1981; Robinson, 1982) . It has been suggested that this cardiolipin is essential for the activity of bovine oxidase. In addition, this phospholipid has also been implicated in the binding of cytochrome c to the enzyme (Bisson et al., 1980; Vik et al., 1981 Phospholipids were quantified by g.l.c., after conversion into their methyl esters (Metcalfe & Schmitz, 1961) Table 1 ). Our results for bovine oxidase are in general agreement with those reported by Ferguson-Miller et al. (1976) . In particular, we note Km values of approx. 100nM for the higher-and approx. 1guM for the lower-affinity site. Also, the purified enzyme is distinctly less active than when incorporated into submitochondrial particles, as expected from the known lipid activation of the enzyme.
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The results with the dogfish enzyme are very similar to those determined for the bovine enzyme, both generally and in the Km values (see Table 1 ). The activity of the dogfish enzymes, as previously noted (Wilson et al., 1980) , is higher under these conditions than that of the bovine enzyme. These general similarities in the steady-state kinetic properties of cytochrome c oxidases from diverse organisms are in agreement with previous reports (DarleyUsmar et al., 1981) . Table 1 also shows some results of phospholipid analysis of submitochondrial particles and the isolated enzyme. In agreement with Vik et al. (1981) and Robinson et al. (1980) , we have found that bovine mitochondria contain cardiolipin, and that approx. 4-5 molecules of this lipid/haem a is associated with the isolated enzyme. In addition, we have found, in agreement with Robinson & Capaldi (1977) , that passage of this isolated bovine enzyme through a gel-filtration column (Sepharose 4B equilibrated with Triton X-100) largely removes other phospholipids, but still leaves approx. 3 molecules of cardiolipin per haem a tightly bound to the enzyme. The lipid analysis of the dogfish oxidase stands in contrast with the results given above. Very little cardiolipin is present in dogfish mitochondria and none at all (<0.1 mol of cardiolipin/mol of haem a) is associated with the isolated enzyme. Passage through a Sepharose 4B column equilibrated with buffer containing Triton X-100 removed all phospholipids from the isolated dogfish enzyme and results in complete loss of activity.
As the dogfish enzyme as isolated is active, yet contains no cardiolipin, we interpret our results to mean that cardiolipin is not universally required by oxidase for activity and that in the dogfish enzyme it cannot therefore constitute part of the cytochrome c-binding site. In this context it is interesting to note two previous reports of oxidases (from yeast and Nitrobacter agilis), which also have no essential requirement for cardiolipin for activity (Watts et al., 1978; Fukumori & Yamanaka, 1982) .
It is possible that other lipids substitute for the roles played by cardiolipin in the bovine enzyme. When compared with the bovine enzyme, elevated amounts of another negatively charged phospholipid, phosphatidylinositol, were detected in the dogfish oxidase, suggesting that this might have replaced cardiolipin. 
